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This  p rogres s  r e p o r t  c o n s i s t s  of two parts:  I EXECUTIVE 
SUMMARY; 11: manuscripts  t h a t  p rovide  d e t a i l s  of our  progress .  
SECTION I: EXECUTIVE SUMMARY 
During t h e  c u r r e n t  g ran t  pe r iod ,  t h e  work was d r i v e n  by 
t h e  NASA d e c i s i o n  t o  phase-out t h i s  research, and t h e r e f o r e  our  
primary g o a l s  were t o  (1) complete as  much of t h e  work which had 
been begun a s  poss ib l e :  ( 2 )  complete manuscr ip ts  f o r  p u b l i c a t i o n ;  
( 3 )  t r a n s f e r  o r  a r c h i v e  da t a  which were cons idered  impor tan t  
and/or u s e f u l  f o r  f u t u r e  research.  It  was necessary  f o r  our  
small group a t  UCSB t o  pick up many t a s k s  former ly  done by NASA 
personnel ,  and t o  take over coord ina t ion  and a rch iv ing  much of 
t h e  data.  
Work accomplished during t h i s  pe r iod  included:  
1) completion of t h e  a n a l y s i s  of ground-truth data  from t h e  
boreal fo re s t  p l o t s  i n  t h e  Superior  Na t iona l  Fores t .  These d a t a  
were c o l l e c t e d  dur ing  two f i e l d  seasons  and represented  t h e  most 
thorough and d e t a i l e d  s tudy  of i ts kind for  ground v e r i f i c a t i o n  
of remote sensing.  This  work included: 
(a)  completion of development of s t a t i s t i c a l  methods f o r  
dimension a n a l y s i s ,  i .e .  f o r  developing equa t ions  t o  e s t i m a t e  t h e  
biomass of t rees  from measurements of diameter and he igh t .  
r e q u i r e d  t h e  development of new s t a t i s t i c a l  a lgor i thms and 
e x t e n s i v e  s t a t i s t i c a l  a n a l y s i s  as presented i n  t h e  a t t a c h e d  
manuscript  by Fieveson. 
(b) Appl ica t ion  of t h e  dimension - a n a l y s i s  equa t ions  t o  t h e  data  
ob ta ined  from ground-truth p l o t s ,  t o  e s t i m a t e  biomass f o r  t h e s e  
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t h e  a p p l i c a t i o n  of t h i s  sof tware  t o  t h e  data set. These r e su l t s  
are described i n  the  a t t ached  manuscript  by Woods, Botkin,  and 
Feiveson; (c) i n  coopera t ion  wi th  F. Hall  and h i s  s t a f f  a t  
Goddard Space F l i g h t  Center ,  c l a s s i f i c a t i o n  and a n a l y s e s  of 
remote sens ing  images of t h e  Super ior  Na t iona l  F o r e s t  were done 
as a t e s t  of new techniques to  determine fo re s t  biomass and 
e c o l o g i c a l  s t a t e  by remote sensing.  
achieved new methods t o  c l a s s i f y  v e g e t a t i o n  i n  regard  t o  
e c o l o g i c a l  success iona l  s ta tus  as  well as  taxonomic s t a t u s .  From 
t h i s  c l a s s i f i c a t i o n ,  it has been p o s s i b l e  t o  de te rmine  t h e  change 
i n  v e g e t a t i o n  over a decade, as  d iscussed  i n  t h e  a t t a c h e d  
manuscript  by H a l l  e t  a l .  These r e p r e s e n t  a new u s e  of remote 
sens ing  imagery. 
I n  t h i s  work we have 
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During t h i s  g r a n t  per iod ,  t h e  fo l lowing  e f f o r t s  were made 
t o  a rch ive  data ,  o r  t ransfer  da t a  t o  UCSB so  t h a t  t hey  could be 
used  i n  subsequent research:  
1) F i e l d  data  from t h e  1983 and 1984 f i e l d  seasons  i n  t h e  
Supe r io r  Nat iona l  F o r e s t ,  Minnesota, were arch ived  on computer 
d i s k e t t e s .  Th i s  in format ion  included both  dimension a n a l y s i s  d a t a  
(bark area, branch, needle  o r  leaf ,  and bo le  d a t a )  and p l o t  data 
(canopy and unders tory  composition) f o r  105 p l o t s  c h a r a c t e r i z e d  
as "aspen", "spruce", "mixed spec ies" ,  o r  "jack pine".  
2 )  Landsat MSS imagery f o r  t h e  s t u d y  reg ion ,  r e c t i f i e d  and 
c lass i f ied  a t  Goddard Space F l i g h t  C e n t e r ,  was arch ived  on 
d i s k e t t e  and computer t a p e ,  
3 )  C130 "maze" o v e r f l i g h t s  w i t h  t h e  Thematic Mapper Simulator  were 
r ec t i f i ed  and mosaicked, They a r e  a rch ived  on d i s k e t t e  and tape .  
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Concerning the 1st and 2nd goals, three manuscripts are 
attached as primary material for this report. These are: 
"New Dimension Analyses with Error Analysis for Quaking Aspen and 
Black Spruce" K.D. Woods, D. B. Botkin, and A.H.  Feiveson. 
"Error Analysis of Leaf Area Estimates made from Allometric 
Regression Models" A.H. Feiveson and R . S .  Chhikara. 
"Ten Year Change in Forest Succession and Composition Measured by 
Remote Sensing." Forrest G. Hall, Daniel B. Botkin, Donald G. 
Strebel, Kerry D. Woods, and Scott J. Goetz. 
A f o u r t h  manuscript  concerns t h e  e x t e n s i b i l i t y  of t h e  
methods and d a t a  developed i n  Minnesota t o  o t h e r  f o r e s t  r eg ions .  
( " S t a t i s t i c a l l y  Defined Biomass Es t imat ion  f o r  a Major Vegeta t ion  
Region", D. B. Botkin,  K.D. Woods, J.L. Sta r ,  and J.E. Estes) W e  
have r ev i sed  t h i s  manuscript t o  r e f l ec t  a more accurate 
t e p r e s e n t a t i o n  of prev ious  e s t i m a t e s  of t h e  maximum and minimum 
e x t e n t  of t h e  b o r e a l  f o r e s t  i n  Canada, which i n  t u r n  a f f e c t s  
t o t a l  biomass estimates. Est imates  of t h e  maximum and minimum 
e x t e n t s  were obta ined  by comparing t h r e e  independent maps of t h e  
v e g e t a t i o n  of Canada -- one from Rowe (1972) , one from t h e  
Na t iona l  Atlas  of Canada (1974) and one from t h e  Russian 
Na t iona l  At las  (1964) . Using image process ing  so f tware  from 
ERDAS, Inc.* each map was converted from i ts  o r i g i n a l  p r o j e c t i o n  
t o  an  Albers E q u a l  Area p ro jec t ion ;  t h e  th ree  maps were t h e n  
r e c t i f i e d  t o  one another . '  Overlays were t h e n  produced u s i n g  
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geographic  Information system so f tware  from ERDAS, Inc .  
The maximum and minimum e x t e n t s  of  t h e  b o r e a l  f o r e s t  t h a t  
t h u s  were es t ima ted  above d i f f e r  by a f a c t o r  of approximately 2, 
sugges t ing  t h e  need f o r  more a c c u r a t e  mapping. Under a p r i v a t e  
foundat ion  g r a n t ,  w e  w i l l  begin a s tudy  i n  Canada t h i s  summer 
t h a t  w i l l  i nc lude  bo th  mapping and sampling of t h e  b o r e a l  f o r e s t .  
* Ear th  Resources Data Analysis System, Inc . ,  A t l a n t a ,  GA 
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A f i f t h  manuscript  i n  p r e p a r a t i o n  ("Linking t h e  JABOWA 
F o r e s t  Growth Model t o  Remotely-Sensed Data', D. B. Botkin and 
T.E. Reynales) involves  t e s t i n g  a f o r e s t  growth s i m u l a t i o n  model 
(JABOWA) wi th  t h e  10 year  change d a t a  described above. For 
purposes  of t e s t i n g  t h e  model, t h e  e c o l o g i c a l  s ta tes  c lass i f ied 
a t  GSFC (us ing  a v a r i e t y  of ground t r u t h  informat ion  and t r a i n i n g  
areas selected on 1324,080 a e r i a l  photographs and TM s imula to r  
imagery) were accepted,  a l though t h e y  are  s u b j e c t  t o  change as a 
result  of s t a t i s t i c a l  t e s t i n g  fo r  accuracy o r  e v a l u a t i o n  of 
a d d i t i o n a l  ground t r u t h  a t  GSFC. They are: 
4 )  
9 )  
c losed  coni fe rous  f o r e s t  
mixed con i f e rous  and broadleaf  f o r e s t  
r egene ra t ing  vege ta t ion  
open-canopy broadleaf  fores t  
closed-canopy broadleaf  f o r e s t  
c l e a r i n g s  
water 
c louds  
unknown or background 
Using t h e  ERDAS image process ing  system a t  UCSB, t h e  two 
c lassi f ied images were compared wi th  r e s p e c t  t o  e c o l o g i c a l  s t a t e  
changes. The r e s u l t i n g  change images showed large areas where 
logging or  f i r e  had c r e a t e d  c l e a r i n g s  followed by r egene ra t ion ;  
t h e y  patchy 
and t h a t  some unexpected e c o l o g i c a l  s t a t e  t r a n s i t i o n s  were 
f requent  . 
also showed t h a t  t h e  rest  of  t h e  landscape was very  
The JABOWA f o r e s t  growth model, running on an IBM PC XT/370, 
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was then  used t o  s imula te  t h e  ten-year change i n  p l o t s  
r ep resen t ing  t h e  f i r s t  s i x  of t h e s e  c a t e g o r i e s  i n  1973. A 
s i m p l i f i e d  s p e c i e s  complement, c o n s i s t i n g  of aspen,  b lack  spruce ,  
and jack p i n e ,  was u t i l i z e d  i n  t h e s e  s i m u l a t i o n s  t o  save  
process ing  t i m e .  The resul ts  of t h e  s imula t ion  were t h e n  
ass igned  t o  one of t h e  9 c l a s s e s ,  and t h e  p r o p o r t i o n s  of  each 
type of outcome over  20 i t e r a t i o n s  (20 replicate p lo t s )  was 
determined. These p ropor t ions  were then  compared t o  t h o s e  found 
i n  t h e  1983 image. 
Although t h i s  document is a f i n a l  r e p o r t  under NASA g r a n t  # 
NAG 5-548, w e  p l an  t o  cont inue  a n a l y s i s  and u s e  of t h e  data  under 
a l t e r n a t i v e  funding sources .  
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